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Long-Term Changes in Soil Surface Properties as Affected by 
Management Practices in a Wheat-Soybean, Double-Crop System
I grew up in West Fork, Arkansas, running around 
the woods and playing in the dirt. My family has a long 
line of University of Arkansas graduates, and I decided 
to follow in their footsteps. I will be graduating with 
Honors, a major in Environmental, Soil, and Water 
Science, and a minor in Biology. I spent my time at the 
University of Arkansas as part of both the Horticulture 
Club and the Crop, Soil, and Environmental Sciences 
Club. I also discovered my love for soil, and I was on 
the University of Arkansas soil judging team for three 
years. My team won first place twice, and we won the 
opportunity to travel to Nationals together. I’m very 
happy with the time I’ve spent as part of the Crop, Soil, 
and Environmental Sciences department, and next 
fall, I am starting my master’s degree in Soil Science 
with Dr. Kris Brye as my mentor. I want to thank Dr. 
Brye for cultivating my love of soil and believing in 
my abilities as a researcher and writer. I also want to 
thank my thesis committee members, Dr. Lisa Wood 




Machaela at the National Soil Judging contest in 
San Luis Obispo, California, during practice days in 
April 2019.
• The wheat-soybean double-crop system is widely 
used throughout the mid-South, but the effects of 
the management practices used on soil properties 
is largely unknown. 
• This long-term study observed the effects of burn/
no-burn, tillage/no-till, and high-low residue levels 
across 0 to 10 cm and 10 to 20 cm soil depths from 
2010 to 2020.
• Results of effects of management practices on soil 
organic matter, soil C, soil N, bulk density, and pH 
were widely varied.
Research at a Glance
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Long-Term Changes in Soil 
Surface Properties as Affected by 
Management Practices in a Wheat-
Soybean, Double-Crop System
Machaela L. Morrison* and Kristofor R. Brye†
Abstract
Long-term agricultural sustainability and productivity are controlled by the integrative effects 
of different management practices on the soil. Many Arkansas producers use the double-crop 
system to grow soybeans [Glycine max (L.) Merr] and wheat (Triticum aestivum L.). The objective 
of this study was to evaluate the effects of agricultural management practices, including residue 
level, tillage, irrigation, burning, and soil depth on the change in various soil properties from 
2010 to 2020 in a long-term, wheat-soybean, double-crop system on a silt-loam soil (Glossaquic 
Fraglossudalfs) in eastern Arkansas. Soil nutrients tended to accumulate over time, the most in 
the top 10 cm, while soil nutrient contents in the 10- to 20-cm depth interval tended to not sig-
nificantly change over time. Soil bulk density (BD) generally decreased across all treatments over 
time. Soil organic matter (SOM) content increased under all treatment combinations by 0.097 kg/
ha. Soil BD decreased and SOM numerically increased the most in the no-till/no-burn treatment 
at the top 10 cm of the soil. Total carbon was 9.2 times greater, while total nitrogen was 48 times 
greater in the top 10 cm of the soil than the 10- to 20-cm depth. Soil pH was 1.9 times greater un-
der irrigation than under non-irrigated treatments. Quantifying soil-property change over time 
will help producers to better understand the long-term effects of various residue and water man-
agement practices and to find reasonable, more sustainable alternative practices.
* Machaela Morrison is a May 2021 honors program graduate with a major in Environmental, Soil, and Water Science 
   and a minor in Biology. 
† Kristofor Brye, the faculty mentor, is a Professor in the Department of Crop, Soil, and Environmental Sciences.
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Introduction
The wheat (Triticum aestivum L.)-soybean [Glycine 
max (L.) Merr] double-crop system has been common in 
the mid-South since after World War II and was adopted 
by many southern states, including Arkansas (Marra and 
Carlson, 1986). In 2020, approximately 1.14 million ha of 
soybeans and 58,679 ha of wheat were planted in Arkansas 
(NASS, 2021). Today, producers are focused on sustain-
ability and conservation of water and soil resources, and 
it is important to monitor and study the effects of the vari-
ous methods and treatments that producers may employ 
to grow their crops. 
While using a double-crop system, many producers 
find it valuable to burn the wheat residue in between crops. 
Burning the residue provides the short-term benefits of 
weed control and preparing the seedbed for planting (Chan 
and Heenan, 2005). Despite the short-term advantages of 
residue burning, a study conducted in western Canada 
revealed there were no long-term benefits to burning the 
wheat residue (Biederbeck et al., 1980). 
Conventional tillage (CT) and no tillage (NT) are two 
ways of preparing soil and managing surface residues for 
crop production. Conventional tillage involves plowing or 
other intensive tillage and leaves less than 15% residue cov-
erage after planting. No tillage is a type of conservation 
tillage, where the soil is left undisturbed after a harvest. 
Conservation tillage leaves over 30% residue coverage at 
the time of seeding, while NT can leave up to nearly 100% 
surface coverage with residue (Padgitt et al., 2000), which 
can lead to a general increase in soil organic matter (SOM) 
and nutrients over time, at least in the upper several centi-
meters of the soil (Sanford, 1982).
The application of different levels of N fertilizer to the 
soil can result in varying levels of SOM and soil carbon. 
Brye et al. (2007) reported that SOM was greater in the no-
burn/low-residue-level treatment combination and that 
soil C:N ratio was greater in the no-burn/high-residue-
level treatment combination compared to the other burn-
residue-level combinations.
Studying the effects of high- and low-residue levels, CT 
and NT, and burning and non-burning can help produc-
ers better understand not only the short-term effects these 
treatments have on soybean and wheat production, but 
also the long-term effects on soil physical and chemical 
properties and sustainability as well.
The objective of this study was to evaluate the effects 
of agricultural management practices, including tillage, 
residue level/fertility, residue burning, irrigation scheme, 
and soil depth, on the change in various soil properties 
over time (i.e., from 2010 to 2020) in a long-term, wheat-
soybean, double-crop production system on a silt-loam 
soil in eastern Arkansas. It was hypothesized that soil bulk 
density (BD), SOM, and total carbon (TC) would increase 
over time under NT and no burning, and the increase over 
time would be greater in the 0- to 10-cm depth than under 
CT, burning, and in the 10- to 20-cm depth. It was also 
hypothesized that BD and pH would change over time 
across the different irrigation and burning treatments and 
that SOM, TC, and total nitrogen (TN) would increase 
over time more in the high- than in the low-residue-level 
treatment.
Materials and Methods
A long-term field study was initiated at the University 
of Arkansas System Division of Agriculture’s Lon Mann 
Cotton Research Station near Marianna, Arkansas, in 2001 
(Cordell et al., 2006; Fig. 1). The study site consisted of 48 
plots, with three replications of irrigation-tillage-residue 
burning-fertility/residue level treatment combinations. The 
soil at the field site is a Calloway silt loam (fine silty, mixed, 
active, thermic Glossaquic Fraglossudalfs) (Web Soil Sur-
vey, 2021). The 30-year mean annual air temperature and 
precipitation for the study area are 16.6 °C and 128 cm, re-
spectively (NOAA, 2021). The mean monthly maximum 
and minimum air temperatures are 32.9 °C in July and -0.6 
°C in January (NOAA, 2021).
Composite soil samples were manually collected at the 
end of the wheat-growing season (late May to early June) in 
2010 and 2020 with a 4.8-cm-inside-diameter core cham-
ber and slide hammer from the 0- to 10- and 10- to 20-cm 
depths in each plot. Cores were collected after wheat harvest 
but before tillage and soybean planting. After oven drying at 
70 °C for 48 hours, soil samples were weighed for bulk densi-
ty determination and then were ground and sieved through 
a 2-mm mesh screen for chemical analysis. Soil pH was de-
termined using an electrode in a 1:2 (wt/vol) soil:water sus-
pension. After 2 hours at 360 °C, soil organic matter (SOM) 
concentration was determined by weight-loss-on-ignition. 
Total soil C (TC) and N (TN) concentrations were deter-
mined by high-temperature combustion (LECO CN-2000 
analyzer, LECO Corp., St. Joseph, Michigan, in 2010 and 
Elementar VarioMAX CN analyzer, Elementar Americas 
Inc., Ronkonkoma, New York, in 2020). Using the measured 
bulk density and 10-cm depth interval, SOM, TC, and TN 
measured concentrations were converted to contents and 
reported in units of Mg/ha. 
In order to determine change over time, the 2010 data 
were subtracted from the 2020 data on a plot-by-plot basis. 
The change-over-time data were used for statistical analyses.
A four-factor analysis of variance (ANOVA) was con-
ducted using SAS v. 9.4 (SAS Institute, Inc., Cary, North 
Carolina) to evaluate the effects of tillage, residue burning, 
fertility/residue level, soil depth, and their interactions on 
the change in soil properties  from 2010 to 2020. When ap-
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propriate, means were separated by least significant differ-
ence at the 0.05 level. Significance was judged at P < 0.05.
Results and Discussion
With the exception of soil pH, the change in all other 
measured or calculated soil properties over time were af-
fected by at least one of the field treatments tested (i.e., till-
age, fertility/residue level, and/or residue burning; Table 
1). Averaged across tillage, fertility/residue level, and soil 
depth, the change in TN content over time was more than 
two times greater (P = 0.02; Table 1) under no burn (0.200 
Mg/ha) than under burn (0.096 Mg/ha). However, soil TN 
content did not change over time from 2010 to 2020 in ei-
ther burn treatment. The greater levels of TN under NB 
than B were likely at least partially due to the cumulative 
effects of crop residue retention on the soil surface when 
not burned that slowly contributed N to the soil as the 
residues decomposed and mineralization occurred, which 
were processes that could not have occurred to a similar 
magnitude when most of the surface residue was lost when 
burning occurred (Brye, 2012). 
Averaged across tillage, fertility/residue level, and burn 
treatments, the change in soil TN content over time was 
also 46 times greater (P < 0.01; Table 1) in the top 10 cm 
(0.290 Mg/ha) than in the 10- to 20-cm soil depth interval 
(0.006 Mg/ha). Soil TN in the 10- to 20-cm depth changed 
significantly over time, whereas TN in the top 10 cm did 
not. Soil nutrients, and SOM and its constituents in gen-
eral, commonly display vertical stratification, often expo-
nentially decreasing with depth (Wright et al., 2007). 
Soil BD numerically decreased over time, but the de-
crease over time differed (P = 0.02) among tillage-burn 
treatment combinations across soil depths (Table 1). Av-
eraged across fertility/residue level treatments, the change 
in soil BD over time was numerically greatest in the CT-B 
Fig. 1. Aerial view of the study site at the University of Arkansas System Division of Agriculture’s Lon Mann Cotton 
Research Station near Marianna, Arkansas.
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treatment combination in the top 10 cm, which did not 
differ from that in the CT-NB and NT-NB treatment 
combinations in the top 10 cm. The change in soil BD 
over time was numerically lowest in the CT-B treatment 
combinations in the 10- to 20-cm soil depth, which did 
not differ from that in the CT-NB and NT-NB treatment 
combinations in the 10- to 20-cm depth (Fig. 2). Soil BD in 
all tillage-burn-soil depth treatment combinations, except 
for in the CT-B and the CT-NB treatment combinations in 
the 10- to 20-cm soil depth, decreased significantly over 
time from 2010 to 2020. The general decrease in bulk den-
sity was at least partially due to the cumulative effects of 
numerically increasing SOM (Norman et al., 2016), which 
promotes soil structure formation and greater poros-
ity. Compared to NT, tillage quickly incorporates surface 
residues, OM, and C into the soil, and burning promotes 
quicker decomposition of belowground root biomass 
compared to non-burning. Results of this study were con-
sistent with those reported by Sanford (1982) and Six et 
al. (1999). Similarly, Amuri et al. (2008) and Norman et 
al. (2016) reported an increase in bulk density in the top 
10 cm under NT during the first six years and then the 
next eight years, respectively, of the current long-term field 
study. 
Soil OM content in the top 10 cm of the NT-NB was the 
only treatment combination that significantly increased 
over time from 2010 to 2020, where SOM did not change 
over time in the other seven tillage-burn-depth treat-
ment combinations (Fig. 2). However, the change in SOM 
content over time differed (P < 0.01) among tillage-burn 
treatment combinations across soil depths (Table 1). Av-
eraged across fertility/residue level treatments, the change 
in SOM content over time was numerically greatest in the 
NT-NB treatment combination in the top 10 cm, which 
did not differ from that in the CT-B and CT-NB treatment 
combinations in the top 10 cm. The change in SOM over 
 
Table 1. Analysis of variance summary of the effects of tillage, fertility/residue 
level, residue burning, soil depth, and their interactions on the change in soil 
bulk density (BD), pH, soil organic matter (SOM), total carbon (TC), and total 
nitrogen (TN) over time from 2010 to 2020 in a long-term, wheat-soybean, 
double-crop production system on a silt-loam soil in eastern Arkansas. 
Treatment Effect ΔBD ΔpH ΔSOM ΔTC ΔTN 
Tillage (T) 0.92 0.12 0.36 0.57 0.77 
Fertility (F) 0.59 0.17 0.13 0.46 0.67 
     T*F 0.97 0.25 0.12 0.26 0.29 
Burning (B) 0.26 0.37 0.06 0.37 0.02 
     T*B 0.22 0.23 0.27 0.33 0.16 
     B*F 0.50 0.45 0.89 0.77 0.67 
          T*B*F 0.81 0.30 0.29 0.60 0.83 
Depth (D) < 0.01 0.31 < 0.01 < 0.01 < 0.01 
     T*D < 0.01 0.18 0.48 0.69 0.67 
     F*D 0.54 0.51 0.60 0.57 0.17 
          T*F*D 0.59 0.61 0.61 0.18 0.60 
     B*D 0.37 0.25 < 0.01 0.03 0.06 
          T*B*D 0.02 0.21 < 0.01 0.05 0.14 
          B*F*D 0.68 0.62 0.39 0.62 0.34 
               T*B*F*D 0.46 0.65 0.66 0.31 0.17 
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Fig. 2. Summary of the interactive effects of tillage [conventional tillage (CT) and no-tillage (NT)] and burning [burning 
(B) and non-burning (NB)] on the change in bulk density (BD), soil organic matter (SOM), and total carbon (TC) 
across soil depths over time from 2010 to 2020 in a long-term, wheat-soybean, double-crop production system on 
a silt-loam soil in eastern Arkansas. Positive values indicate an increase, while negative values indicate a decrease 
over time. Lower case letters atop bars within a panel are different at P < 0.05. Asterisks (*) indicate the mean 
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time was numerically lowest in the NT-NB treatment in 
the 10- to 20-cm soil depth, which did not differ from that 
in the NT-B and CT-B treatment combinations in the 10- 
to 20-cm depth (Fig. 2). 
The increase in SOM in the NT-NB treatment in the top 
10 cm was likely due to the organic matter that was al-
lowed to accumulate on the soil surface. The NT treatment 
did not incorporate the crop residue into the soil, allow-
ing the residue to decay and add OM to the top layer of 
the soil slowly. In the NB treatment, the crop residue also 
remained on the soil surface. Both the NT and NB treat-
ments combined resulted in significantly increased SOM 
content in the top 10 cm. However, the SOM content in the 
NT-NB treatment in the top 10 cm did not differ from that 
in other field treatments. However, field treatments did not 
have the same effect in the 10- to 20-cm soil depth due 
to the lack of deeper residue incorporation into the soil. 
Results of the current study were similar to the results of 
Amuri et al. (2008), who reported that SOM content in the 
top 10 cm did not increase in any specific field treatment 
in the first seven years. Instead, SOM content in the top 
10 cm generally increased over time across all treatments 
combined (0.097 kg/ha/yr). The same field treatments of 
the current long-term study SOM did not increase over 
time in any specific field treatment. Similarly, Norman et 
al. (2016) also reported an average increase in SOM (0.097 
kg/ha/yr) in the top 10 cm across all treatments combined 
during years six through 14 in the same plots and same 
field treatments of the current long-term study.
In contrast to SOM, soil TC content, which was con-
sidered to represent all organic C (OC) since soil did not 
effervesce upon treatment with dilute hydrochloric acid, 
significantly increased over time from 2010 to 2020 in all 
four tillage-burn treatment combinations in the top 10 
cm, but did not change over time in all four tillage-burn 
treatment combinations in the 10- to 20-cm depth inter-
val (Fig. 2). However, the change in soil TC content over 
time (i.e., the SOC sequestration rate) differed (P = 0.05) 
among tillage-burn combinations across soil depths (Table 
1). When averaged across fertility/residue level treatments, 
the SOC sequestration rate was numerically greatest in the 
NT-NB treatment combination in the top 10 cm, which 
did not differ from that in the CT-B and CT-NB treatment 
combinations in the top 10 cm, while the SOC sequestra-
tion rate was numerically lowest in the NT-NB treatment 
combination in the 10- to 20-cm depth, which did not dif-
fer from that in the CT-B, CT-NB, and NT-B treatment 
combinations in the 10- to 20-cm depth (Fig. 2). 
Significant soil TC and SOC sequestration occurred in 
the top 10 cm in all field treatments in the top 10 cm be-
cause of the increase in SOM in the top 10 cm, which did 
not occur in the 10- to 20-cm depth. Soil OM contains a 
substantial fraction of C, often around 50% (NRCS, 2021); 
thus, when SOM breaks down, both TC and SOC tend 
to increase. These results are consistent with Amuri et al. 
(2008), who reported an increase in soil TC and SOC in 
the top 10 cm of the soil in the first seven years in the same 
plots and same field treatments of the current long-term 
study.
In contrast to all other measured or calculated soil 
properties, the change in soil pH over time was unaffected 
by tillage, burning, high (H) or low (L) fertility/residue lev-
el, or soil depth (Table 1). However, soil pH in several till-
age-burn-fertility-depth treatment combinations changed 
significantly over time. When averaged across all field 
treatments, soil pH decreased over time in the NT-B-H 
(P = 0.05) and NT-B-L (P < 0.01) treatment combinations 
in the top 10 cm and in the NT-B-L (P = 0.05) treatment 
combination in the 10- to 20-cm depth, while soil pH did 
not change over time in the other 13 treatment combi-
nations. The lower pH under residue burning than non-
burning may be due to increased N mineralization and ni-
trification, which is an acidifying process. Burning allows 
for greater mineralization of residues, leading to increased 
nitrification. The process of nitrification releases H+ ions 
into the soil, which leads to greater acidity and lower pH 
(Amuri et al., 2008). However, Amuri et al. (2008) re-
ported that, for the first six years of the current long-term 
study, the average pH in the top 10 cm increased over time 
across all treatment combinations. In contrast to Amuri et 
al. (2008), but similar to the results of the current study, 
Norman et al. (2016) reported that soil pH generally de-
creased across all treatment combinations between years 6 
and 14 of the current long-term study.
Conclusions
This long-term study in the Lower Mississippi River 
delta region of eastern Arkansas revealed that different 
crop management practices have varying effects on near-
surface soil properties. Soil properties, such as BD, SOM, 
TC, TN, and pH, were affected by various agricultural 
residue and water management practices (i.e., irrigation, 
tillage, and fertility/residue level treatments) that also var-
ied across soil depths. In general, BD decreased over time 
in both soil depths but decreased more in the top 10 cm 
than in the 10- to 20-cm depth. As hypothesized, residue 
burning lowered soil nutrient contents and non-burning 
increased SOM, TN, and TC contents in the top 10 cm. 
Large fertilizer levels contributed to changes in soil nutri-
ent contents and increased soil pH. Overall, each agricul-
tural management practice studied had both positive and 
negative effects on near-surface soil properties. Further re-
search will help clarify and solidify the results of this study. 
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